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Tobacco smoking and the risk of non-melanoma
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Abstract

Objective - To examine the association
between non-melanoma skin cancer and
cigarette smoking.

Design - Hospital-based case-control
study covering the period 1988-93.
Subjects - A total of 132 patients (73 with
basal cell carcinoma and 59 with
squamous cell carcinoma), and 395 age-
frequency matched controls with diseases
unrelated to tobacco use.

Main outcome measures - Odds ratios
(ORs) for non-melanoma skin cancer,
according to smoking status, after con-
trolling for age, residence, education, and
occupational sun exposure through un-
conditional logistic regression.
Results-The OR was significantly
higher in current cigarette smokers rela-
tive to never-smokers (OR = 2.1, 959
confidence interval (CI) = 1.1 to 3.9). A
significant dose-response relation was
observed for smoking duration (p for
trend = 0.002). The OR for ever-smokers
of long duration (50 years or more) was
2.3 (95% CI=1.2 to 4.5). Higher risks
were observed among current smokers
(compared with former smokers) and
among patients with squamous cell car-
cinoma (compared with those with basal
cell carcinoma).

Conclusions — Although bias cannot be
excluded completely, the positive associ-
ation between cigarette smoking and non-
melanoma skin cancer in our study
supports the evidence from previous
studies of a relationship between tobacco
smoking and skin cancer. If these findings
are replicated in population-based
studies, estimates of the number of
tobacco-related cancers would be en-
larged.

(Tobacco Control 1995; 4: 175-179)
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Introduction

The study of risk factors for non-melanoma
skin cancer has been mainly related to sun
exposure, both occupational and recreational .’ 2
The role of certain occupations in skin
carcinogenesis has been consistently repro-
duced since the classic paper by Sir Percival

Pott.> In 1985, Aubry and MacGibbon
reported an increased risk of squamous cell
carcinoma of the skin associated with tobacco
consumption.* This association was replicated
by Karagas et al, who found an odds ratio of
2.0 for tobacco smoking ; this risk was confined
to the squamous cell type, whereas smokers
were not shown to have an increased risk of
basal cell carcinoma.®

Given the importance of this issue in
elucidating the aetiology of non-melanoma
skin cancer, we carried out a case-control study
to investigate the association between tobacco
smoking and skin cancer.

Subjects and methods

Since January 1988, all patients attending the
Instituto Nacional de Oncologia were inter-
viewed shortly after administrative admittance
for diagnosis by two trained social workers
using a routine questionnaire designed to
obtain information on risk factors for cancer. A
database was created through this procedure,
from which the study subjects were obtained.

CASE SELECTION

All patients with non-melanoma skin cancer
treated in the dermatological outpatient clinic
of the Instituto Nacional de Oncologia in the
time period 1988-93 were considered eligible
for inclusion in the study, provided that: (a)
they were diagnosed with squamous cell or
basal cell carcinomas (ICD-O 8070/3 or
8090/3); (b) they had localised tumours (stage
I, T1); (c) they were resident in Uruguay for a
period of at least 10 years; (d) they occurred in
men, because the prevalence of smoking in
women is very low in this particular population
(less than 59%,); and (e) they belonged to a
population with a monthly income of less than
US$350; this segment of the Uruguayan
population receives free care in hospitals of the
Ministry of Public Health (State Hospitals).
This particular clinic at the Institute receives
patients from low socioeconomic strata, who
are treated in the state hospitals in Montevideo,
including the Cancer Institute. Public
hospitals located in the remaining counties also
refer all patients with skin cancer to the state
hospitals in Montevideo (Instituto Nacional de
Oncologia, Hospital Pasteur, Hospital Maciel,
Hospital de Clinicas, Hospital Pereira Rossell),
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because of the lack of specialised outpatient
clinics in those centres.

In the study period, 299 patients with skin
cancer were treated at the Cancer Institute. Of
these, 114 occurred in women and were thus
excluded from the study. From the remaining
186 patients with skin tumours, 47 (25.3%)
were excluded because of a diagnosis other
than squamous or basal cell carcinoma (32
malignant melanomas, 10 malignant lym-
phomas, two adnexal skin carcinomas, two
malignant fibrous histiocytomas, and one
classic Kaposi sarcoma). Furthermore, six
advanced skin carcinomas (3.29%,) were also
excluded, leading to a final total of 132 non-
melanoma skin carcinomas (73 cases of basal
cell carcinoma (55.3%) and 59 cases of
squamous cell carcinoma (44.7 %,).

CONTROL SELECTION

In the same period, 2375 male patients were
treated in the same Institute with conditions
other than non-melanoma skin cancer. El-
igibility criteria for control selection were: (a)
having a disease not related to tobacco smoking
according to the admission diagnosis (mali-
gnant diseases considered to be tobacco-related
were oral, pharyngeal, oesophageal, stomach,
anogenital, sinonasal, nasopharyngeal, lung,
laryngeal, bladder, and kidney cancers, along
with malignant mesothelioma — cardiovascu-
lar, respiratory, oesophageal, and gastric non-
neoplastic diseases were not considered to be
eligible); (b) residency in Uruguay for at least
10 years; (c) being within the age range 30-89
years; and (d) having no previous diagnosis of
skin cancer. Thus 1406 patients (59.2 %,) with
tobacco-related cancers, 176 patients (7.49%,)
with tumours of unknown primary site, 118
patients (5.0%,) with tobacco-related non-
neoplastic diseases, 79 patients (3.3 %,) outside
the established age range, 43 patients with
terminal disease (3.1%), and 10 patients
(0.7%) with previous skin cancer were ex-
cluded from the initial list of potential controls,
leading to a sample of 543 patients.

From this sample, 395 (72.7 9,) were classi-
fied by age and randomly sampled in decennia
(30-39...80-89 years) and then matched by
age-frequency to the patients. The control to
patient ratio was 3:1 and all were white.

QUESTIONNAIRE AND DEFINITIONS

The questionnaire included sociodemographic
variables, occupation, a complete history of
tobacco and alcohol consumption, and a short
food-frequency form. In particular, age at
smoking initiation, age at smoking cessation,
daily cigarette consumption, filter use, type
(colour) of tobacco, and duration of use of
hand-rolled cigarettes, were recorded. The
composite measure ‘pack-years” was calcu-
lated for each patient.

We defined as never-smokers patients who
had smoked less than 1000 cigarettes in their
lifetime. Former smokers were those who had
smoked at least 1000 cigarettes in their lifetime
but who had quit smoking at least a year before
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the interview date. Current smokers were
defined as those who had smoked at least 1000
cigarettes in their lifetime and who were either
smokers at the time of the interview or who
had quit smoking during the 12 months before
the interview. Ever-smokers were current plus
former smokers.

Cigarettes were classified according to the
method of curing, that is, blond (flue-cured)
cigarettes or black (air-cured) -cigarettes.
Cigarettes were also categorised according to
whether they were manufactured (com-
mercially made) or hand-rolled.

Filter use was classified as mixed filter use or
lifelong filter use. The former corresponds to
smokers who had switched from non-filter to
filter cigarettes, whereas the latter represents
those who only smoked filter cigarettes. Odds
ratios presented in the tables for filter
cigarettes refer to mixed or lifelong use of filter
cigarettes; ORs presented for use of non-filter
cigarettes refer to lifelong use of non-filter
cigarettes.

We were interested in having a proxy
variable to control for sun exposure. Because
this information was not specifically recorded
in the routine questionnaire, we created a
variable to measure lifelong occupational sun
exposure. This was done by categorising
occupations into agricultural and non-agri-
cultural groupings. Farmers were chosen as
the sun-exposed category because these
workers are undoubtedly exposed more to the
sun, compared with those in other occupations.

STATISTICAL ANALYSIS

The study was designed to have a power of
909, for detecting an odds ratio of 2 for
current smokers, significant at the 95 %, alpha-
level (two-sided test), assuming that 409, of
the controls would be current smokers. We
computed ORs as estimates of relative risks,
and 959, confidence intervals from uncon-
ditional logistic modelling® using GLIM soft-
ware.” When a factor could be classified into
more than two levels, the significance of the
linear trend was assessed by the likelihood
ratio test on one degree of freedom, after
unfactorising the variable.® Furthermore, to
control simultaneously for the effects of several
covariates, unconditional multiple logistic re-
gression with maximum likelihood fitting was
used.® All regression models included terms
for age, education, birthplace, county of resi-
dence, and occupational sun exposure. Ad-
ditional adjustments for relevant dietary items
were performed, without significant changes in
the estimates. Interactions between terms for
occupational sun exposure and tobacco vari-
ables were tested.

Results

Of the patients, 85 (83.3 %) had tumours in the
head and neck area. Table 1 shows the
distribution of controls by diagnostic category.
Prostate cancer was the most frequent con-
dition (33.7 %), followed by colorectal cancer
(16.7%), and malignant lymphoma (13.09%,).
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Table 1 Distribution of controls by diagnosis
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A total of 66 controls (16.7%) had non-
neoplastic diseases.

" e . - . .
= 1CD-9 Site No % Table 2 shows the distribution of patients
N 185 Prostatic cancer 133 337 and controls by sociodemographic factors.
153-154 Colorectal cancer g(l) ig.g Patients and controls were similar in terms of
* 200202 Lymphoma 2 66 age, birthplace, residence, education, and in-
- 580-629 Genitourinary diseases lg i’é come.
il 680-709 Skin diseases 1 X
210220  Benign tumours 12 30 Table 3 shows the ORs for non-melanoma
P 191-192 Igtehrvous s]ystem tumours }g %g skin cancer (all types) according to several
er malignant tumours . . . X o
320389  Ear and eye disorders 10 25 Smoking variables. Ever-smokers had a 60 %
< 186 ’Il"efsticphr cancer g 20 increased risk of skin cancer. Whereas former
- nfectious diseases 3 o —
4 193194  Endocrine tumours g 20 Smokers had an OR of 1.3 (95% CI =0.7 to
~ ;ég_-;gg glstgog;ticéular ggsgases g %g 2.3), current smokers displayed a significantly
-defined conditions . . . 0 —
e 142 Salivary gland tumours 1+ 10 increased risk of 2.1 (959 CI = 1.1 to 3.9).
Total 395 100.0 ’.Then_a was no dose-re_sponse pattern for
- daily cigarette consumption. On the other
* Gallbladder, male breast, and malignant thymoma. hand, smoking duration showed a significant
& dose-response pattern, and long duration of
A smoking (50 or more years) was associated
* with an OR of 2.3 (959, CI = 1.2 to 4.5). The
-t Table 2 Distribution of cases and controls by sociodemographic factors compOS{te measure .pack-years showed a pat-
tern of increasing risk, but the test for linear
- Variabl N Cases o N Controls o . , trend was not statistically significant.
(] o . .
] ariade ° ° x The consumption of black tobacco cigarettes
o~ Age (years) was associated with a moderate and signifi-
. S ¢ e H 28 cantly increased risk of non-melanoma skin
' 50-59 20 15.2 60 15.2 cancer (OR=1.8, 95% CI=1.0 to 3.4),
- L e T 108 273 compared with never-smokers. The use of
80-89 22 16.7 66 16.7 0.02 1.0 hand-rolled cigarettes was associated with a
~ Birthplace significantly increased risk of similar mag-
" Montevideo 2 e 2 ae nitude. Lifelong use of non-filter cigarettes
- North 30 22.7 114 28.9 was associated with an 80 9, increased risk of
a RM;grmts 12 9.1 25 6.3 3.00 0.39 non-melanoma skin cancer.
esiaence
Montevideo 50 379 185 468 Table 4 presents ORs of former and current
= South 60 45.5 149 ?ZZ . 0.1 smokers for the same variables. Former
North 2 e ot 6738 : : smokers showed a modest and non-significant
Rural 40 30.3 127 322 0.08 077 increase in risk (a) overall; (b) with increasing
Education (years) years of smoking and pack-years; (c) with
~ 0-3 64 485 167 42.3 . £ black tob d hand-rolled
45 35 26.5 94 238 consumption of black tobacco and hand-rolle
£ =6 33 25.0 134 33.9 3.65 0.16 cigarettes; and (d) with lifelong use of non-
Mogf%y income (US$) 5 3.6 135 342 filter cigarettes. On the other hand, current
A 70-97 56 124 157 39.7 smokers showed significant increased risks
> 98 33 25.0 103 26.1 0.29 086 with increasing smoking duration and use of
- No of patients 132 100 305 100 g J .
hand-rolled and non-filter cigarettes. Con-
~
. % Table 3 Odds ratios for non-melanoma skin cancer, by smoking variables*
< Variable Category Cases/controls OR 959, CI
Smoking status Never-smokers 17/71 1.0 NA
by Ever-smokers ©115/324 1.6 0.9-2.8
Former smokers 52/187 1.3 0.7-2.3
£ Current smokers 63/137 2.1 1.1-3.9
Amount (cigarettes/day) 1-12 37/105 1.6 0.8-3.1
13-24 40/105 1.7 0.9-3.3
. & >25 38/114 15 0.8-2.9
%2 for trend = 0.87 p=0.36
Fd Duration (years) 1-39 37/148 1.0 0.5-2.0
4049 25/72 15 0.7-3.1
P > 50 53/104 2.3 1245
%2 for trend = 10.06 p = 0.002
Pack-years 1-24 34/114 1.3 0.7-2.6
$ 25-54 16/102 21 1.14.1
=55 35/108 1.4 0.7-2.8
< & y® for trend =1.79  p=0.18
Type of tobacco Blond 38/135 1.2 0.6-2.4
v Black 77/189 1.8 1.0-3.4
Hand-rolling Manufactured 21/90 1.1 0.5-2.2
Hand-rolled 94/234 1.8 0.9-3.2
Filter use Filter 27/105 1.1 0.6-2.3
Non-filter 88/219 1.8 0.9-3.2
* All risks are adjusted for age, residence, education, and occupational sun exposure. Odds ratios were calculated for ever-
" smokers (unless otherwise indicated) using never-smokers as the referent group.

CI = confidence interval.
NA = not applicable.
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Table 4 Odds ratios for non-melanoma skin cancer stratified by smoking variables*

Former smokers Current smokers

Variable OR 959, CI OR 959% CI
Total 1.3 0.7-2.3 2.1 1.1-3.9
Amount (cigarettes/day)

1-12 1.2 0.5-2.6 2.1 0.9-4.6
13-24 1.6 0.8-3.5 1.7 0.8-3.7
>25 1.0 0.4-2.1 2.2 1.04.7

p Value for trend 0.83 0.08
Duration (years)

- 1.0 0.5-2.1 1.2 0.4-3.3
40-49 1.4 0.6-3.4 1.3 0.5-3.2
> 50 1.6 0.7-3.5 2.6 1.3-5.2

p Value for trend 0.22 0.008
Pack-years

1-24 1.2 0.6-2.6 1.4 0.6-3.4
25-54 1.8 0.8-3.8 2.3 1.14.9
=55 0.8 0.3-1.8 2.1 0.94.4

p Value for trend 0.92 0.03
Type of tobacco
Blond 0.7 0.3-1.6 1.9 0.9-4.1
Black 1.6 0.8-3.1 2.0 1.04.0
Hand-rolling
Manufactured 0.9 0.4-2.4 1.2 0.5-2.8
Hand-rolled 1.3 0.7-2.5 2.3 1245
Filter use
Filter 0.9 0.4-2.5 1.2 0.5-2.7
Non-filter 1.3 0.7-2.5 2.5 1.3-4.9

* Adjusted for age, residence, education, and occupational sun exposure. Odds ratios were
calculated using never-smokers as the referent group.

CI = confidence interval.

Table 5 Odds ratios for non-melanoma skin cancer, stratified by histologic type*

Squamous cell Basal cell
Variable OR 95% CI OR 959, CI
Never-smokers 1.0 NA 1.0 NA
Ever-smokers 1.9 0.8-4.3 15 0.7-3.1
Ex-smokers 1.4 0.6-3.5 1.2 0.6-2.6
Current smokers 2.6 1.0-6.4 1.9 0.84.1
Amount (cigarettes/day)

1-12 2.0 0.8-5.2 1.4 0.6-3.3
13-24 1.9 0.74.9 1.7 0.7-3.8
>25 1.7 0.7-4.3 1.4 0.6-3.1

p Value for trend 0.49 0.49
Duration (years)

1-39 1.1 0.4-2.8 1.1 0.5-2.5
4049 2.3 0.8-6.1 1.0 0.4-2.7
> 50 2.7 1.0-6.8 2.3 1.0-5.0

p Value for trend 0.007 0.02
Pack years

1-24 1.5 0.6-3.9 1.3 0.5-2.9
25-54 2.7 1.0-6.8 1.9 0.8-4.3
> 55 1.6 0.64.1 1.4 0.6-3.1

p Value for trend 0.25 0.38
Type of tobacco
Blond 1.6 0.64.1 1.0 0.4-2.4
Black 2.0 0.84.9 1.8 0.8-3.8
Hand-rolling
Manufactured 1.2 0.4-3.5 1.0 0.4-2.6
Hand-rolled 2.1 0.9-4.9 1.6 0.8-3.4
Filter use
Filter 1.3 0.5-3.7 1.0 0.4-2.6
Non-filter 2.1 0.9-4.9 1.7 0.8-3.5

* Adjusted for age, residence, education, and occupational sun exposure. Odds ratios were
calculated for ever-smokers (unless otherwise indicated) using never-smokers as the referent

group.

CI = confidence interval.
NA = not applicable.

Table 6 Age- and residence-adjusted joint effects of
years of smoking and occupational sun exposure for non-
melanoma skin cancer

Sun exposure

Years of smoking No Yes
Never-smokers 1.0 2.1(0.6-7.1)
1-39 1.0 (0.4-2.2) 2.8 (0.9-8.5)
40-49 1.3 (0.5-3.1) 4.5 (1.5-13.6)
=50 1.9 (0.9-4.3) 6.5 (2.4-17.2)

sumption of 25 or more cigarettes per day and
25-54 pack-years were associated with signifi-
cantly increased risks of 2.2 and 2.3, respect-
ively.
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Table 5 shows the odds ratios of non-
melanoma skin cancer according to histological
type. Current smokers showed an increased
risk of 2.6 (95 % CI = 1.0 to 6.4) for squamous
cell cancer and 1.9 (non-significant) for basal
cell cancer. Number of years of smoking had a
stronger association with squamous cell car-
cinoma than with basal cell type. All remaining
smoking variables (pack-years and use of hand-
rolled and non-filter cigarettes) showed
stronger associations with squamous cell car-
cinoma.

Exposure to sun in an occupational setting
was associated with an increased risk of non-
melanoma skin cancer (OR = 3.8, 95%, CI =
1.8 to 6.5). Total alcohol consumption was not
associated with an increase in risk (results not
shown). The only foods that showed protective
effects were milk and fresh fruits (ORs = 0.5
and 0.6, respectively, for the highest tertiles).

Table 6 shows effects of smoking duration
on risk (for all histological types combined),
stratified by occupational sun exposure. The
results follow a multiplicative effect and no
evidence of an interaction between tobacco
smoking and sun exposure is apparent. The
same analysis was performed separately for
each histological type, and similar ORs were
obtained (results not shown).

Discussion
Our results suggest an increase in the risk of
skin cancer associated with tobacco smoking,
more evident with longer smoking duration. In
contrast with the study of Karagas et al,’ we
found an association between smoking and an
increased risk of basal cell carcinoma. Recently
Frances et al reported that tobacco smoking
could be a cofactor for basal cell carcinoma of
the skin.®

Tobacco smoking has been documented as
the main determinant of cancer of the lung,
larynx, bladder, lip, oral cavity, pharynx,
pancreas, esophagus, and kidney.*!* Tobacco
smoking may also be associated with an
increased risk of cancer of the cervix uteri,'! 12
vagina, vulva, penis,'® and stomach,'*¢7 as well
as with leukemia,'®'® and anorectal squamous
or cloacogenic carcinoma.'®

Recently, the effect of smoking on skin aging
has been established. Tobacco use and solar
radiation represent two risk factors for the
premature aging process, with a cumulative
effect when both are present.?

The putative effect of tobacco smoking on
the risk of non-melanoma skin cancer could be

‘produced by carcinogenic substances carried

through the blood, or by the direct contact of
cigarette smoke on the skin. In support of the
latter possibility, experimental studies have
compared condensates of sidestream smoke
(smoke generated during inter-puff intervals)
(88) and mainstream smoke (smoke inhaled by
the smoker) (MS) by means of a skin tumori-
genicity assay using female NMRI mice. The
SS-treated animals developed two to six times
more skin tumours than MS-treated mice. The
overall carcinogenic effect of SS was much
greater than that of MS (p < 0.001).2! The
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concentrations of tobacco-specific nitro-
samines (TSNA) are 10-50 times higher in SS
than in MS.?

We have considered the possibility of selec-
tion bias in our study. Because the study was
designed using controls treated in the same
hospital during the same time period, the base
population appears to be rather homogeneous.
Moreover, the fact that 809, of the controls
also had cancer provides further support that
selection of controls was unbiased. Indeed, as
tobacco smoking is considered to be more
prevalent among cancer controls,?* % an under-
estimate of the effect of tobacco smoking could
be more likely than an overestimate.

We have also considered the possibility of
biased referral leading to the inclusion of
patients with advanced skin tumours. Six
patients with large lesions were excluded and
no patients in hospital were eligible for this
study. Furthermore, the Cancer Institute has a
referral pattern by which only patients with
low incomes (less than US$350 per month) are
treated. This referral pattern is shared by other
general state hospitals, which treat only
patients of low incomes. Furthermore, because
hospitals from outside Montevideo are lacking
in dermatologists and plastic surgeons, all skin
tumours are referred to state hospitals in
Montevideo. All such hospitals in Montevideo
are well suited for the treatment of non-
melanoma skin cancer, because they have
dermatological outpatient clinics. Differential
referral to the Cancer Institute is possible but
unlikely. According to information submitted
by the National Cancer Registry, the pro-
portion of non-melanoma skin cancer among
all cancers was roughly similar in the Hospital
Pasteur (one of the major general state
hospitals in Montevideo) and the Cancer
Institute (8.0 9% and 7.8 9%, respectively).

The possibility of recall bias is unlikely
because the association studied has not been
suspected nor publicised. Moreover, as most
of the controls had cancer, presumably they
were as prone as the patients to link their
illness with tobacco smoking.

Because the interviews were conducted
routinely for all patients consulting at the
Institute, the interviewers were blinded to the
designs of any studies that used the recorded
information.

We were able to control for possible con-
founding by occupational sun exposure but it
was impossible to analyse confounding by
recreational sun exposure, because this vari-
able was not included in the questionnaire.
Nevertheless, in models including terms for
occupational sun exposure, the adjusted OR
for smoking variables remained essentially
unchanged. External validation for this as-
sociation can be found in the studies of Aubry
et al* and Karagas et al.> These studies fully
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controlled the effect of tobacco smoking for
possible confounding variables related to skin
colour and recreational sun exposure.

In conclusion, the present study supports an
association between tobacco smoking and non-
melanoma skin cancer. Whether this associ-
ation is causal remains an open question, and
further studies should be performed.
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